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PregnantAboriginal peoples in the Canadian Arctic are exposed to persistent organic pollutants (POPs) andmetals mainly
through their consumption of a traditional diet of wildlife items. Recent studies indicate thatmany human chem-
ical levels have decreased in the north, likely due to a combination of reduced global chemical emissions, dietary
shifts, and riskmitigation efforts by local health authorities. Body burdens for chemicals inmothers can be further
offset by breastfeeding, parity, and other maternal characteristics.
We have assessed the impact of several dietary and maternal covariates following a decade of awareness of the
contaminant issue in northern Canada, by performing multiple stepwise linear regression analyses from blood
concentrations and demographic variables for 176 mothers recruited from Nunavut and the Northwest Terri-
tories during the period 2005–2007. A signiﬁcant aboriginal group effect was observed for the modeled
chemicals, except for lead and cadmium, after adjusting for covariates. Further, blood concentrations for POPs
and metals were signiﬁcantly associated with at least one covariate of older age, fewer months spent
breastfeeding,more frequent eating of traditional foods, or smoking during pregnancy. Cadmiumhad the highest
explained variance (72.5%) from just two signiﬁcant covariates (current smoking status and parity).
Although Inuit participants from theNorthwest Territories consumedmore traditional foods in general, Inuit par-
ticipants from coastal communities in Nunavut continued to demonstrate higher adjusted blood concentrations
for POPs and metals examined here. While this is due in part to a higher prevalence of marine mammals in the
eastern Arctic diet, it is possible that other aboriginal group effects unrelated to diet may also contribute to ele-
vated chemical body burdens in Canadian Arctic populations.
Crown Copyright © 2015 Published by Elsevier B.V. All rights reserved.urren),
c.gc.ca (K. Davis),
.ca (J. Brewster),
wa.ca (H.M. Chan).
r B.V. All rights reserved.1. Introduction
The presence of persistent organic pollutants (POPs) and metals in
the blood and other tissues of people from the Canadian Arctic and
other circumpolar nations is well documented. Although there are nat-
ural and point sources of these chemicals (Kirk et al., 2012), global pol-
lution and long-range atmospheric transportation are the main sources
in the Arctic (Macdonald et al., 2000). Because of their physical–
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rine food web system and can reach high concentrations in predatory
species such as marine mammals (Borgå et al., 2004; Braune et al.,
2005). Aboriginal populations in northern Canada are thus at higher
risk of exposure to POPs and metals because of their traditional diet
(Van Oostdam et al., 2005; Donaldson et al., 2010). This is especially
true for Inuit populations who rely more extensively on marine mam-
mals, such as seal and whale (Kuhnlein et al., 2000; Potyrala et al.,
2008). Consequently, coastal Inuit populations from Nunavut and
Nunavik (in northern Québec) have shown higher concentrations of
POPs and mercury in their blood than their non-coastal counterparts
from the Northwest Territories who are more likely to consume inland
items such as ﬁsh and caribou (Muckle et al., 2001; Butler Walker et al.,
2003, 2006; Dewailly et al., 2007; Donaldson et al., 2010; Curren et al.,
2014).
Increased exposure to metals and POPs has been linked to a wide
array of potentially adverse health outcomes, particularly for the devel-
oping fetus along with subtle health effects that persist into childhood
(Dewailly et al., 2000; Dewailly and Weihe, 2003; Dallaire et al., 2006;
Gilman et al., 2009; Boucher et al., 2010, 2012a,b; Ethier et al., 2012). Ac-
cordingly, human biomonitoring studies conducted in the Canadian
Arctic across 1992–2007 have frequently examined expectant women
to elucidate risk for the child (Donaldson et al., 2010). During a similar
period, northern studies have extended tissue collection to both men
and women, such as through the International Polar Year Inuit Health
Survey in 2007–2008 (Saudny et al., 2012; Laird et al., 2013), to better
understand exposures within the entire adult populations and also
across generations of aboriginal peoples whose modern dietary prefer-
ences may be shifting away from certain traditional foods. Dietary
choice in the Arctic, and thus extent of exposure to certain foodborne
chemicals, is a complex contemporary issue because the substantial cul-
tural and nutritional beneﬁts of traditional foods (Donaldson et al.,
2010; Egeland et al., 2011) may be offset by concern for contaminants
in some populations. Moreover, dietary shifts to certain market foods
may result in higher exposures to other environmental contaminants
(Binnington et al., 2014).
Maternal studies conducted in the mid to late 1990s under the
auspices of the Northern Contaminants Program (NCP) established a
baseline of exposure for people from the Canadian Arctic. Blood collect-
ed in the subsequent decade during follow-up studies indicated that
concentrations of many organochlorine pesticides and polychlorinated
biphenyls (PCBs) declined in aboriginal women from Nunavut, the
Northwest Territories, and Nunavik, oftentimes by 50–75% across stud-
ies (Donaldson et al., 2010). These observations suggest positive out-
comes for POP regulations (such as the Stockholm Convention on
Persistent Organic Pollutants) that have been enacted to protect envi-
ronmental and human health. However, the trend for mercury is less
clear. Both increasing and decreasing trends have been observed in Arc-
tic biota (Braune et al., 2005; Rigét et al., 2011). Human blood levels in
the Canadian Arctic appear to show a general decline (Donaldson
et al., 2010), which may reﬂect the compliance to health messaging
concerning lower mercury intake or simply a result of dietary change
of consuming less country foods. Body burden of cadmium has consis-
tently been very high in NCP studies because of the high rate of smoking
among aboriginal adults (Donaldson et al., 2010).
The purpose of this study is to investigate the relationship between
body burdens of POPs and metals with lifestyle and dietary factors in
pregnant women from the Inuvik Region of the Northwest Territories
and the Bafﬁn Region of Nunavut who participated in follow-up studies
conducted in 2005–2007. To our knowledge, these studies provide the
most current information of maternal levels of chemicals for aboriginal
populations in these regions. This analysis examines aboriginal group
and geographic differences (after adjusting for covariates) to obtain in-
sight on the impact of diet and other behavioral choices for mothers
(and, by extension, their unborn children) during this period. Further
declines in human levels of POPs and metals in northern Canada areanticipated. The outcome of this analysis will inform study design for
the next generation of human biomonitoring activities in the Canadian
Arctic, along with public intervention and educational initiatives by
local health authorities concerning dietary exposures to chemicals.2. Methods
2.1. Study description
TheNorthern Contaminants Program(NCP) of Aboriginal Affairs and
Northern Development Canada supported maternal biomonitoring
studies in the Inuvik Region of the Northwest Territories in
2005–2006 (Armstrong et al., 2007) and the Bafﬁn Region of Nunavut
(Potyrala et al., 2008) in 2005–2007. All mothers who volunteered
were sampled due to small population sizes in order to create these con-
venience samples of northern women. Signed informed consent was
obtained from each participant. The study protocols were reviewed
and approved by the research ethics boards of Health Canada and for
each of the participating centers and health authorities, as appropriate.
In addition to providing blood samples late in the third trimester or
shortly (e.g., within one day) after giving birth, study participants com-
pleted a questionnaire given in person by an interviewer and provided
information on variables such as age, smoking behavior, number of chil-
dren (parity), breastfeeding history, aboriginal group, and estimated
consumption frequency for ﬁsh and traditional foods. Food frequencies
of ﬁve main traditional food groups (ﬁsh, land animals, marine mam-
mals, birds, and plant foods) were compiled from participant question-
naire responses for a large number of ﬁsh and traditional foods. Except
for ﬁsh, consumption frequency for non-traditional foods was not
examined, because levels of POPs and metals in traditional foods were
expected to be appreciably higher than for market foods. The total fre-
quency of eating each traditional food group was derived by adding to-
gether the number of times each individual food in that group was
consumed in the previous year (which included the 9 months of preg-
nancy and the 3 months prior to pregnancy, recorded as a weekly or
monthly frequency). Total frequency of eating traditional foods equals
the sum of the frequencies of eating all food groups.
POPs and metals were analyzed in plasma and whole blood, re-
spectively. Chemicals common to both studies are reported here.
All of these chemicals had a minimum of 70% of the observations
above the limit of detection (LOD) for each aboriginal study group:
p,p′-dichlorodiphenyldichloroethylene (p,p′-DDE), oxychlordane,
trans-nonachlor, four polychlorinated biphenyl congeners (PCB-
118, -138, -153, and -180), and four metals (cadmium, lead, selenium,
and total mercury). Bloodwas taken from the antecubital vein into pur-
ple‐top, EDTA‐containing Vacutainer® tubes. Plasma was obtained by
centrifugation and was then decanted into pre‐cleaned vials and stored
frozen before being shipped frozen for subsequent analysis at the
Institut national de santé publique du Québec (INSPQ) in Québec City,
Canada. All of the POPs were identiﬁed and quantiﬁed via gas chroma-
tography/mass spectroscopy (GC–MS) with electronic impact ioniza-
tion using an in‐house accredited method, while concentrations of
metals were measured in whole blood by either inductively coupled
plasma mass spectrometry (ICP-MS) or cold vapor atomic absorption
(totalmercury) (ButlerWalker et al., 2003, 2006). Prior to GC–MS, plas-
ma samples were extracted on a solid phase extraction (SPE) column,
then puriﬁed on a Florisil column and concentrated to a ﬁnal volume.
Reported previously (Foster et al., 2012), analyte concentrations were
evaluated by considering the % recovery of labeled internal standards.
The INSPQ participates in two interlaboratory comparison programs
to verify the accuracy of results, in addition to routine analysis of
reference serum supplied by the US National Institute of Science and
Technology. Quality control data within each analytical run were com-
pared to the control limits to evaluate the validity of analyses using
Westgard rules (Westgard, 2002).
152 M.S. Curren et al. / Science of the Total Environment 527–528 (2015) 150–158Lipid levels were determined enzymatically for lipid adjustment of
POP concentrations (Bernert et al., 2007). Lipid adjustments were per-
formed as described in CEC (2011). Individual lipid measurements for
the Inuvik participants were not available, as noted in a prior analysis
(Curren et al., 2014). As before, the average lipid value for the Inuvik Re-
gion from an earlier NCP study was used for Inuvik lipid adjustment in
the present analysis to provide descriptive data in lipid weight units.
However, statistical analyseswere performed from thewetweight data.
2.2. Statistical analysis
Descriptive statistics are reported by aboriginal group (study group)
using both wet weight and lipid weight units. Participants self-
identiﬁed as Inuit, Dene or Metis (Dene/Metis), and non-Aboriginal.
Due to anticipated differences in their dietary choices and other cultural
behaviors, Inuit mothers were further divided into Inuit from Bafﬁn or
Inuvik, while Dene and Metis mothers were combined into a single
group because their chemical exposures were expected to be similar.
Sample size, range of concentrations, median value, percent ofTable 1
Study group characteristics and dietary history for aboriginal mothers from the Inuvik Region
Variables N Mean
Age (years)
Bafﬁn-Inuit 100 24.1
Inuvik-Inuit 52 25.1
Inuvik-Dene/Metis 18 24.4
Current smoker (yes)
Bafﬁn-Inuit 100
Inuvik-Inuit 52
Inuvik-Dene/Metis 18
Ever smoker (yes)
Bafﬁn-Inuit 100
Inuvik-Inuit 52
Inuvik-Dene/Metis 18
Total traditional food consumption (# times/year)
Bafﬁn-Inuit 100 282.2
Inuvik-Inuit 52 352.7
Inuvik-Dene/Metis 18 267.9
Fish consumption (# times/year)
Bafﬁn-Inuit 100 35.5
Inuvik-Inuit 52 104.1
Inuvik-Dene/Metis 18 79.3
Land animal consumption (# times/year)
Bafﬁn-Inuit 100 76.6
Inuvik-Inuit 52 161.3
Inuvik-Dene/Metis 18 150.7
Marine mammal consumption (# times/year)
Bafﬁn-Inuit 100 136
Inuvik-Inuit 52 37.2
Inuvik-Dene/Metis 18 1.3
Bird consumption (# times/year)
Bafﬁn-Inuit 100 12.1
Inuvik-Inuit 52 41.2
Inuvik-Dene/Metis 18 25.6
Plant food consumption (# times/year)
Bafﬁn-Inuit 100 21.9
Inuvik-Inuit 52 8.9
Inuvik-Dene/Metis 18 11.0
Total breastfeeding durationa (months)
Bafﬁn-Inuit 78 28.9
Inuvik-Dene/Metis 12 17.1
Inuvik-Inuit 34 34.8
Number of babies breastfeda (N) 0 1 2
Bafﬁn-Inuit 18 28 18
Inuvik-Inuit 5 11 7
Inuvik-Dene/Metis 6b 6b
Parity (N) 1 2 3
Bafﬁn-Inuit 22 23 25
Inuvik-Inuit 18 12 6
Inuvik-Dene/Metis 6 6 6b
a Excludes primiparous mothers.
b Groups are merged to protect participant identities.observations above the limit of detection (LOD), geometric mean
(GM), and the corresponding95% conﬁdence interval (CI)were evaluat-
ed for each chemical. The GM was reported in place of the arithmetic
mean because most of the chemicals were lognormally distributed, as
shown by the Anderson–Darling test for normality. Values below the
LOD were imputed with half the LOD for all statistical tests.
Multiple stepwise linear regression analyses were performed to si-
multaneously determine the relationship between the concentrations
of each chemical and the demographic variables from the question-
naires. Spearman correlation coefﬁcients or Fisher's exact test was
used to identify signiﬁcant correlations or associations between covari-
ates. The best predictive model was selected based on an overall F-test
for goodness of ﬁt, according to the Akaike Information Criterion (AIC)
and adjusted R2. Final models retained aboriginal study group and also
included covariates with a p-value of less than α=0.05 as determined
by the stepwise procedure. A residual analysis was implemented to ver-
ify the statistical assumptions of normality and constant variance.When
the overall F-test for study group differences in the ﬁnal models was
signiﬁcant, Scheffé multiple pair-wise comparisons were used toof the Northwest Territories and the Bafﬁn Region of Nunavut.
SD Median Range %
5.05 23.0 15–39
6.10 24.0 17–37
5.91 23.0 16–36
80.0
71.2
66.7
98.0
90.4
66.7
224.6 219 18–1116
249.8 328 0–1152
271.4 178 18–944
49.5 18.0 0–256
126.5 73.0 0–750
106.6 27.0 0–306
75.6 50.0 6–400
112.5 171 0–506
148.3 106 6–530
137.6 82.0 0–604
62.7 15.0 0–306
2.8 0.00 0–6
20.6 6.00 0–134
66.0 12.0 0–312
65.8 12.0 0–286
33.6 12.0 0–224
12.1 6.00 0–50
10.9 9.00 0–36
34.6 21.5 0–204
25.5 8.00 0–86
35.2 20.0 0–119
3 4 5
14b
11b
4 5 6 7 8
11 9 5 5b
9 7b
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All statistical analyses were performed using SAS software version En-
terprise Guide 4.2. Unless otherwise stated, the statistical signiﬁcance
level of 5% (α= 0.05) was assumed throughout.
3. Results
3.1. Descriptive statistics
There were 186 mothers from the NCP studies, of which 100 were
from the Bafﬁn Region and the remaining 86 were from the Inuvik Re-
gion. For Inuvik, there were seven mothers with no demographic infor-
mation, three mothers with missing chemical measurements, and one
mother with missing POP measurements. There was also one mother
from the Bafﬁn Region with a missing lipid value. In Bafﬁn, 100% of
the participants were Inuit. In Inuvik, 68.4% of the 76 participants exam-
ined here were Inuit and 23.7% of the study participants were Dene/
Metis. Only six mothers self-identiﬁed as being non-Aboriginal from
the Inuvik Region and were thus excluded from the model selection
due to their small sample size. Characteristics for aboriginal participants
included in the model are summarized in Table 1. From the descriptive
statistics in Tables 2 and 3, participants from Bafﬁn had higher levels of
cadmium, lead, selenium, total mercury, p,p′-DDE, trans-nonachlor,
oxychlordane, PCB-118, PCB-138, PCB-153, and PCB-180 than partici-
pants from Inuvik.
3.2. Model selection
Reproductive variables examined during themodel selection included
parity, number of babies breastfed, and total breastfeeding duration. Total
breastfeeding duration was a derived variable created by combining the
number of months breastfed for all children born to the mother. These
three variables were highly correlated: the Spearman correlation coefﬁ-
cient was 0.8252 (p b 0.0001) between parity and number of babies
breastfed, 0.7642 (p b 0.0001) between parity and total breastfeeding
duration, and 0.9104 (p b 0.0001) between number of babies breastfed
and total breastfeeding duration. Separate models were ﬁt for these
three variables to minimize the effect of multicollinearity. Mother's age
was also correlated with parity, number of babies breastfed, and totalTable 2
Concentrations by study group for several metals in whole blood samples (μg/L) for aborigin
Nunavut.
Chemical Group N %
Cadmium
(μg/L)
Bafﬁn-Inuit 100 1
Inuvik-Inuit 52 1
Inuvik-Dene/Metis 18 1
Lead
(μg/L)
Bafﬁn-Inuit 100 1
Inuvik-Inuit 52 1
Inuvik-Dene/Metis 18 1
Selenium
(μg/L)
Bafﬁn-Inuit 100 1
Inuvik-Inuit 52 1
Inuvik-Dene/Metis 18 1
Total mercury
(μg/L)
Bafﬁn-Inuit 100 1
Inuvik-Inuit 52 1
Inuvik-Dene/Metis 18 1breastfeeding duration with Spearman correlation coefﬁcients of 0.6508
(p b 0.0001), 0.6489 (p b 0.001), and 0.6395 (p b 0.0001), respectively.
However, because age may affect contaminant levels differently than
the maternal variables, and correlations between age and these variables
were not as high as correlations among the three maternal variables, age
was included in the model selection process. Variance inﬂation factors
were monitored to assess the effects of multicollinearity, if any.
Fisher's exact tests found a strong association between study group
and ever smoking status (p b 0.0001), but the association between
study group and current smoking status was not statistically signiﬁcant
(p = 0.2664). Therefore, current smoking status was included in the
model selection. Current smokers were self-reported active smokers at
the time the questionnaire was completed, while ever smokers were
not smokers when the questionnaire was completed but reported that
they had smoked during their lifetimes. Dietary variableswere also con-
sidered as predictors in the model. From Table 1, Inuit from Inuvik had
the highest mean andmedian consumption of traditional foods, follow-
ed by Bafﬁn-Inuit and Dene/Metis. However, Inuit and Dene/Metis par-
ticipants from the Inuvik Region ate ﬁsh, land animals, and birds more
frequently than the participants in the Bafﬁn Region, while Bafﬁn
mothers ate marine mammals and plant foods more often than Inuvik
mothers. It was evident that these ﬁve dietary variables were associated
with aboriginal study group, especially marinemammals. Two separate
regression models were thus considered using the participant charac-
teristics in Table 1: i) models including total frequency of eating all tra-
ditional foods, along with study group, and ii) models with the ﬁve
separate diet variables, but which excluded the aboriginal study groups.
3.3. Final model
Results from the aboriginal study group regressionmodel presented
in Table 4 indicate that older maternal age, fewer months spent
breastfeeding, more frequent eating of traditional foods, and smoking
during pregnancy were all signiﬁcantly associated with higher levels
of oxychlordane, PCB-153, PCB-180, and trans-nonachlor. Most of
these variables were also signiﬁcant for PCB-138, with the interaction
term between total traditional food consumption and total months
spent breastfeeding signiﬁcant for p,p′-DDE, PCB-118, and PCB-138.
Similarly, signiﬁcant interaction terms indicated that the effect ofal mothers from the Inuvik Region of the Northwest Territories and the Bafﬁn Region of
N LOD Range Median GM
(95% CI)
00 0.27–7.3 2.7 2.0
(1.7, 2.4)
00 0.05–5.2 2.3 1.5
(1.1, 1.9)
00 0.28–7.2 1.7 1.4
(0.85, 2.3)
00 4.1–70 13 14
(12, 16)
00 4.4–56 13 13
(11, 15)
00 4.7–35 13 13
(10, 16)
00 160–950 220 240
(220, 250)
00 150–320 190 190
(190, 200)
00 140–250 180 180
(170, 190)
00 0.52–28 4.1 4.0
(3.4, 4.7)
00 0.10–14 1.1 1.1
(0.85, 1.5)
00 0.10–4.4 0.76 0.70
(0.45, 1.1)
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eating traditional foods, while the effect of current smoking on lead
levels varies with age.
Cadmium was the only chemical where having more children
(higher parity) was associated with higher blood concentrations, al-
though the p-value was near the level of signiﬁcance. However, as ex-
pected, there was a highly signiﬁcant association between cadmium
levels and current smoking status. We note that cadmium had the
highest percent of explained variation (R2 = 72.5%) from only these
two variables (parity and current smoking). Further, cadmium and
lead were the only chemicals with no signiﬁcant study group effect.
An overall signiﬁcant difference was otherwise noted among the three
aboriginal study groups for the other metals and POPs discussed here
after adjusting for the aforementioned variables.
When the adjusted geometric mean concentrations are compared
(Table 5), Inuit mothers from the Bafﬁn Region had the highest levels
of p,p′-DDE, oxychlordane, PCB-118, PCB-138, PCB-153, and trans-
nonachlor, while Dene/Metis mothers from the Inuvik Region had the
lowest. Bafﬁnmothers also had higher concentrations for totalmercury,
selenium, and PCB-180, but therewas no signiﬁcant difference between
Inuit and Dene/Metis mothers from Inuvik for these chemicals.Table 3
Concentrations by study group for several POPs in plasma samples for aboriginalmothers from t
detected).
Contaminant Group N % N LOD Wet weight
(μg/L)
Range
p,p′-DDE Bafﬁn-Inuit 100a 100 0.13–5.9
Inuvik-Inuit 52 98.1 ND–7.4
Inuvik-Dene/Metis 17 100 0.11–1.2
Trans-nonachlor Bafﬁn-Inuit 100a 100 0.032–2.3
Inuvik-Inuit 52 98.1 ND–2.2
Inuvik-Dene/Metis 17 88.2 ND–0.079
Oxychlordane Bafﬁn-Inuit 100a 100 0.044–1.9
Inuvik-Inuit 52 96.2 ND–1.0
Inuvik-Dene/Metis 17 94.1 ND–0.043
PCB-118 Bafﬁn-Inuit 100a 100 0.012–0.39
Inuvik-Inuit 52 96.2 ND–0.47
Inuvik-Dene/Metis 17 82.4 ND–0.041
PCB-138 Bafﬁn-Inuit 100a 100 0.032–0.72
Inuvik-Inuit 52 98.1 ND–0.84
Inuvik-Dene/Metis 17 94.1 ND–0.11
PCB-153 Bafﬁn-Inuit 100a 100 0.077–2.2
Inuvik-Inuit 52 98.1 ND–1.3
Inuvik-Dene/Metis 17 94.1 ND–0.29
PCB-180 Bafﬁn-Inuit 100a 100 0.026–1.2
Inuvik-Inuit 52 96.2 ND–0.44
Inuvik-Dene/Metis 17 82.4 ND–0.34
a n = 99 for POPs expressed in lipid weight units.A regressionmodel that included theﬁve traditional food groups but
which excluded the aboriginal study groups was also examined (data
not shown).Withminor exceptions, the model that included aboriginal
study group provided a better overall ﬁt than the model with these
groups removed, although in several cases the latter was still strongly
signiﬁcant. Notably, from this second model we observed a highly sig-
niﬁcant association between frequently eating marine mammals and
the concentrations of many historic POPs, along with total mercury
and selenium.While themodel with the study groups removed permit-
ted an examination of the effects of speciﬁc types of traditional foods,
themodel that included study group is preferred in terms of ﬁt suggest-
ing that aboriginal or cultural effects unrelated to diet possibly contrib-
ute to higher chemical concentrations.
4. Discussion
While a decade of awareness of the contaminant issue at the global
and community levels has succeeded in lowering human concentra-
tions in northern Canada, Inuit mothers from Bafﬁn continued to show
signiﬁcantly higher chemical body burdens during the period
2005–2007 compared to their western Arctic counterparts. A highhe Inuvik Region of the Northwest Territories and the Bafﬁn Region of Nunavut (ND=not
concentration Lipid weight concentration
(μg/kg lipids)
Median GM
(95% CI)
Range Median GM
(95% CI)
1.2 1.1
(0.97, 1.3)
17–670 130 130
(110, 150)
0.62 0.65
(0.50, 0.84)
ND–870 72 76
(59, 98)
0.28 0.30
(0.22, 0.42)
13–140 33 35
(26, 49)
0.32 0.32
(0.27, 0.38)
4.3–260 37 36
(31, 43)
0.12 0.12
(0.087, 0.17)
ND–260 13 14
(10, 20)
0.016 0.019
(0.013, 0.027)
ND–9.3 1.9 2.2
(1.5, 3.1)
0.24 0.23
(0.19, 0.27)
4.8–220 26 26
(22, 31)
0.073 0.074
(0.052, 0.11)
ND–120 8.5 8.7
(6.1, 12)
0.014 0.014
(0.0098, 0.019)
ND–5.0 1.6 1.6
(1.2, 2.2)
0.052 0.054
(0.047, 0.063)
1.8–38 5.4 6.2
(5.3, 7.1)
0.033 0.035
(0.027, 0.045)
ND–55 3.9 4.1
(3.1, 5.3)
0.013 0.014
(0.010, 0.018)
ND–4.8 1.5 1.6
(1.2, 2.2)
0.13 0.14
(0.12, 0.16)
3.5–77 16 15
(13, 18)
0.067 0.073
(0.056, 0.096)
ND–99 7.8 8.6
(6.5, 11)
0.023 0.027
(0.018, 0.040)
ND–13 2.7 3.1
(2.1, 4.7)
0.40 0.37
(0.31, 0.44)
6.2–280 44 42
(36, 50)
0.14 0.14
(0.11, 0.19)
ND–150 16 17
(13, 23)
0.050 0.050
(0.030, 0.084)
ND–34 5.9 5.9
(3.5, 9.9)
0.15 0.16
(0.13, 0.19)
1.9–160 17 18
(15, 21)
0.060 0.058
(0.044, 0.077)
ND–52 7.0 6.8
(5.1, 9.0)
0.023 0.030
(0.017, 0.053)
ND–40 2.7 3.5
(2.0, 6.3)
Table 4
Final multiple regression models of natural log transformed maternal concentrations
(μg/L) of selected chemicals for aboriginal study groups from the Inuvik Region of the
Northwest Territories and the Bafﬁn Region of Nunavut.
Contaminant Parameter Estimate β p-Value R2
Log(p,p′-DDE) Intercept −1.0435 0.0005 0.430
Study group: Inuvik-Inuita −0.7056 b .0001
Study group:
Inuvik-Dene/Metisa
−1.4925
Total breastfeeding duration −0.0226 b .0001
Age 0.0598 b .0001
Total traditional food
consumption
0.0003 0.2669
Total traditional food
consumption ∗ Total
breastfeeding duration
0.000017 0.0119
Log(trans-nonachlor) Intercept −2.4574 b .0001 0.559
Study group: Inuvik-Inuita −1.0302 b .0001
Study group:
Inuvik-Dene/Metisa
−2.8992
Total breastfeeding duration −0.0140 b .0001
Age 0.0566 0.0004
Total traditional food
consumption
0.0011 0.0001
Smoking during
pregnancyb
−0.3803 0.0191
Log(oxychlordane) Intercept −2.6198 b .0001 0.534
Study group: Inuvik-Inuita −1.1663 b .0001
Study group:
Inuvik-Dene/Metisa
−2.8255
Total breastfeeding duration −0.0134 b .0001
Age 0.0526 0.0020
Total traditional food
consumption
0.0009 0.0030
Smoking during
pregnancyb
−0.5793 0.0009
Log(PCB-118) Intercept −4.0230 b .0001 0.387
Study group: Inuvik-Inuita −0.6014 b .0001
Study group:
Inuvik-Dene/Metisa
−1.5004
Total breastfeeding duration −0.0168 b .0001
Age 0.0501 0.0001
Total traditional food
consumption
0.0005 0.0794
Total traditional food
consumption ∗ Total
breastfeeding duration
0.000016 0.0184
Log(PCB-138) Intercept −3.0527 b .0001 0.438
Study group: Inuvik-Inuita −0.7431 b .0001
Study group:
Inuvik-Dene/Metisa
−1.7236
Total breastfeeding duration −0.0186 b .0001
Age 0.0517 0.0002
Total traditional food
consumption
0.0006 0.0540
Smoking during
pregnancyb
−0.3153 0.0247
Total traditional food
consumption ∗ Total
breastfeeding duration
0.000015 0.0488
Log(PCB-153) Intercept −2.2491 b .0001 0.474
Study group: Inuvik-Inuita −1.0013 b .0001
Study group:
Inuvik-Dene/Metisa
−2.0282
Total breastfeeding
duration
−0.0138 b .0001
Age 0.0562 0.0003
Total traditional food
consumption
0.0010 0.0004
Smoking during
pregnancyb
−0.5033 0.0014
Log(PCB-180) Intercept −3.4607 b .0001 0.424
Study group: Inuvik-Inuita −1.0657 b .0001
Study group:
Inuvik-Dene/Metisa
−1.6689
Total breastfeeding duration −0.0113 0.0002
Age 0.0714 b .0001
Table 4 (continued)
Contaminant Parameter Estimate β p-Value R2
Total traditional food
consumption
0.0009 0.0039
Smoking during
pregnancyb
−0.5557 0.0007
Log(cadmium) Intercept 0.9296 b .0001 0.725
Study group: Inuvik-Inuita −0.1512 0.2062
Study group:
Inuvik-Dene/Metisa
−0.1049
Smoking during
pregnancyb
−1.8332 b .0001
Parity 0.0469 0.042
Log(lead) Intercept 2.7179 b .0001 0.172
Study group: Inuvik-Inuita −0.1523 0.3239
Study group:
Inuvik-Dene/Metisa
−0.0363
Age 0.0557 b .0001
Smoking during
pregnancyb
−0.2135 0.0424
Age ∗ Smoking during
pregnancyb
−0.0508 0.0057
Log(selenium) Intercept 5.3916 b .0001 0.172
Study group: Inuvik-Inuita −0.2026 b .0001
Study group:
Inuvik-Dene/Metisa
−0.2504
Total traditional food
consumption
0.0002 0.0055
Log(total mercury) Intercept 0.5524 0.0535 0.543
Study group: Inuvik-Inuita −1.3763 b .0001
Study group:
Inuvik-Dene/Metisa
−1.7744
Age 0.0257 0.024
Total traditional food
consumption
0.0011 0.0003
Smoking during
pregnancyb
−0.8256 0.0005
Total traditional food
consumption ∗ Smoking
during pregnancyb
0.0017 0.0087
a Reference—study group: Bafﬁn-Inuit.
b Reference—yes. A negative regression coefﬁcient implies that mothers who did not
smoke had lower contaminant concentrations than mothers who smoked.
Log(PCB-180)
155M.S. Curren et al. / Science of the Total Environment 527–528 (2015) 150–158prevalence of marinemammals in the traditional diets of Inuit from the
coastal regions of the eastern Canadian Arctic has, both historically and
within this study, been associated with elevated body burdens for POPs
and metals, although traditional food intake during pregnancy was
found not to be related to PCB levels for Nunavikmothers during the pe-
riod 1995–1998 (Muckle et al., 2001). Here we observe signiﬁcant pos-
itive associations between total consumption frequency of traditional
foods and blood levels for POPs andmercury. Given that organochlorine
compounds from this study are characterized by extremely long elimi-
nation half-lives in humans, their measured concentrations in people
are likelymore reﬂective of lifetime accumulation rather than recent in-
take (Binnington et al., 2014). Indeed, dietary transitions to foods con-
taining lower amounts of POPs are predicted to only partly account for
decreases in a woman's PCB-153 body burden across the decades
when global emissions are declining (Quinn et al., 2012). The birth
years for mothers in this cross-sectional study (age range 15–39)
would have spanned periods of both active and banned PCB production.
As expected, age was a signiﬁcant predictor of body burden for these
and other legacy POPs whose production and use have been the subject
of global regulations during the past several decades.
While targeted mechanistic modeling suggests that advisories that
temporarily eliminate or lower maternal ﬁsh consumption are unlikely
to be effective in reducing prenatal, postnatal, and childhood exposures
to long-lived persistent organic pollutants, lowering the consumption of
food items that contain chemicals with elimination half-lives shorter
than the period of dietary change may be highly effective for reducing
these human exposures (Binnington et al., 2014). For example, methyl
mercury, which has a half-life of 40–60 days in people (Stern, 2005;
156 M.S. Curren et al. / Science of the Total Environment 527–528 (2015) 150–158Yaginuma-Sakurai et al., 2012), comprises a large fraction of total mer-
cury in blood. Its presence in people is indicative of recent exposures
from a diet that includes ﬁsh and other seafood or marine mammals.
Our observation of lower concentrations for total mercury (and lead)
in the blood of younger mothers in this study aligns with ﬁndings
from other northern studies that have measured declines in traditional
food consumption, particularly among young adults (Blanchet et al.,
2000; Blanchet and Rochette, 2008; Egeland, 2010a,b,c).
The variability that was not explained by the regression may be at-
tributed to a number of factors including genetic factors and interactive
effects of other components of the diet (Canuel et al., 2006). An area ofTable 5
Comparison of adjusted geometric mean concentrations (μg/L) for POPs and metals in
mothers from the Inuvik Region of the Northwest Territories and the Bafﬁn Region of Nu-
navut using aboriginal study group characteristics and dietary parameters of signiﬁcance
during regression modeling.
Contaminant Group Similar groupsa Adjusted GM
(95% CI)
p,p′-DDE Bafﬁn-Inuit A 1.2
(1.0, 1.4)
Inuvik-Inuit B 0.60
(0.49, 0.72)
Inuvik-Dene/Metis C 0.27
(0.19, 0.38)
Oxychlordane Bafﬁn-Inuit A 0.20
(0.16, 0.25)
Inuvik-Inuit B 0.062
(0.047, 0.081)
Inuvik-Dene/Metis C 0.012
(0.0074, 0.019)
PCB-118 Bafﬁn-Inuit A 0.057
(0.050, 0.066)
Inuvik-Inuit B 0.031
(0.026, 0.038)
Inuvik-Dene/Metis C 0.013
(0.0090, 0.018)
PCB-138 Bafﬁn-Inuit A 0.13
(0.11, 0.16)
Inuvik-Inuit B 0.062
(0.050, 0.078)
Inuvik-Dene/Metis C 0.023
(0.016, 0.034)
PCB-153 Bafﬁn-Inuit A 0.33
(0.27, 0.40)
Inuvik-Inuit B 0.12
(0.095, 0.16)
Inuvik-Dene/Metis C 0.044
(0.029, 0.066)
PCB-180 Bafﬁn-Inuit A 0.18
(0.14, 0.24)
Inuvik-Inuit B 0.062
(0.046. 0.083)
Inuvik-Dene/Metis B 0.034
(0.021, 0.054)
Trans-nonachlor Bafﬁn-Inuit A 0.30
(0.24, 0.36)
Inuvik-Inuit B 0.11
(0.082, 0.14)
Inuvik-Dene/Metis C 0.016
(0.011, 0.025)
Total mercury Bafﬁn-Inuit A 3.8
(3.2, 4.5)
Inuvik-Inuit B 0.96
(0.77, 1.2)
Inuvik-Dene/Metis B 0.65
(0.45, 0.93)
Selenium Bafﬁn-Inuit A 240
(220, 250)
Inuvik-Inuit B 190
(180, 210)
Inuvik-Dene/Metis B 180
(160, 210)
a For each contaminant, groups that do not have a common letter are signiﬁcantly
different.active research is the examination of genetic determinants that can af-
fect the toxicokinetics of environmental chemicals, leading to different
relationships between intake and body burden (Canuel et al., 2006;
Basu et al., 2014; Barcelos et al., 2015). For example, in Nunavik, it
was found that predicted hair mercury values (18.1 μg/g) in Inuit
were nearly ﬁve times higher than the measured value of 3.8 μg/g of
mercury in hair (Canuel et al., 2006). The authors concluded that the re-
lation betweenmercury oral dose and body burden, and also metabolic
excretion rates, might vary according to ethnicity. This area warrants
further study for northern aboriginal populations. Additionally, our
food frequency questionnaires considered (retrospectively) the full
year prior to giving birth and may not have captured sporadic dietary
changes that would lower or elevate mercury intake across relatively
short time periods during pregnancy. A retrospective questionnaire
that provides insight on historical consumption of traditional foods
across many years would be informative. This study would also beneﬁt
from knowledge on regional differences in the age, size, lifespan, or sex
of wildlife that are consumed by northern peoples because these
variables can impact wildlife body burdens (Johnston et al., 2002;
Binnington andWania, 2014; Evans et al., 2015). More detailed analysis
of the composition of traditional diets, including site speciﬁc concentra-
tions of POPs and metals, is needed to better characterize risk of expo-
sure for speciﬁc aboriginal groups.
Asmercury is not lipophilic and is not excreted in signiﬁcant quanti-
ty in breast milk, there was no signiﬁcant relationship between mater-
nal mercury body burden and breastfeeding or parity, as expected. On
the other hand, maternal POP levels were negatively associated with
breastfeedingduration. Although it has beendocumented that postnatal
exposures to POPs from breast milk could be a potential health concern
for the developing child (Boucher et al., 2012a), many studies have
highlighted the very positive effects of breastfeeding which likely out-
weigh the risks. For example, an assessment from the 2006 Aboriginal
Children's Survey has identiﬁed breastfeeding as a social determinant
of health for Inuit children under age 6 in Canada (Findlay and Janz,
2012). Moreover, Canadian Inuit children who are breastfed may be at
lower risk of hospitalization due to respiratory tract infection (Banerji
et al., 2013).
Our analysis suggests that other interventions may be available for
reducing chemical body burdens in the north, given the strength of
the relationship with mother's aboriginal group, coupled with 40% or
greater unexplained variance for the models examined here (cadmium
being the exception, due to smoking). Mothers who did not smoke dur-
ing pregnancy were predicted to have lower blood concentrations for
the majority of POPs and metals modeled here compared to mothers
who smoked, although the p-values for smoking were larger than
those for other variables. For example, holding the other variables con-
stant, non-smokers had concentrations for PCB-153 and oxychlordane
thatwere 39.5% and 44.0% lower, respectively, than smokers in the sam-
ple of mothers examined during this study. While positive associations
between POP levels and smoking have also been observed for popula-
tions in Greenland (Bjerregaard et al., 2013; Deutch and Hansen,
1999; Deutch et al., 2003, 2007), Germany (Lackmann et al., 2000),
and Norway (Polder et al., 2009), statistically lower mercury concentra-
tions have been found in smokers compared with non-smokers in the
general populations for both Canada (Lye et al., 2013) and the Czech
Republic (Batáriová et al., 2006). We suggest clarifying the relationship
between smoking and contaminant levels during future studies, such as
by inclusion of smoking as a continuous variable (for example, by re-
cording number of cigarettes per day) or via themeasurement of a suit-
able biomarker (such as cotinine).
We note other limitations to our study that could further clarify
determinants of body burdens for chemicals in northerners, particu-
larly as regards smoking. It was not possible to incorporate maternal
bodymass index (BMI) in our models. It is well documented that BMI
tends to be lower in current cigarette smokers than in non-smokers.
We also acknowledge that smoking has been correlated with a
157M.S. Curren et al. / Science of the Total Environment 527–528 (2015) 150–158biomarker of liver enzyme induction in another Canadian ﬁsh eating
population (Ayotte et al., 2005) and which, in turn, may be a deter-
minant of PCB metabolism. Finally, we were not able to express
blood concentrations in lipid weight units during the regression
analysis in order to place the measurements on the same scale and
partially address potential confounding effects such as changes in
maternal blood volume, BMI, or dietary habits during pregnancy
(Longnecker et al., 1999).
5. Conclusion
This study examined levels of POPs andmetals in aboriginalmothers
from Nunavut and the Northwest Territories in the Canadian Arctic, to
determine if there are differences in chemical body burdens after
adjusting for dietary and lifestyle variables alongwith maternal charac-
teristics. All of the chemicals modeled here (except cadmium and lead)
showed an aboriginal group effect. Moreover, our multiple regression
analyses indicated that study group effects unrelated to diet may con-
tribute to elevated chemical body burdens in Arctic populations and
may account for the variability that was not explained by our models.
Our results highlight the importance of considering additional variables
such as birth year, genetic factors, dietary changes, andmetabolic effects
from smoking during the interpretation of human biomonitoring data.
We have also conﬁrmedmanyof the relationships thatwere anticipated
between maternal lifestyle, diet, and body burdens of POPs and metals
in Arctic peoples. We determined that blood concentrations for POPs
and metals were signiﬁcantly associated with at least one covariate of
older age, fewer months spent breastfeeding, more frequent eating of
traditional foods, or smoking during pregnancy. Although in general
Inuit participants from the Northwest Territories consumedmore tradi-
tional foods during the period 2005–2007, Inuit mothers from the east-
ern Arctic demonstrated signiﬁcantly higher concentrations for POPs
and metals after adjusting for the covariates. This observation is due in
part to prior and on-going consumption of marine mammals in eastern
Arctic coastal communities and is likely also related to the very long
half-lives for POPs, which exceeds the decade of awareness of the con-
taminant issue in northern Canada. Cadmium had the highest percent
of explained variation (R2 = 72.5%) from just two variables (current
smoking status and parity). The high levels of cadmium observed in
our study are likely a result of the very high smoking rates for adults
in Canadian Arctic populations.
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